Abstract The use of spatio-temporal memory has been argued to increase food-finding efficiency in rainforest primates. However, the exact content of this memory is poorly known to date. This study investigated what specific information from previous feeding visits chimpanzees (Pan troglodytes verus), in Taï National Park, Côte d'Ivoire, take into account when they revisit the same feeding trees. By following five adult females for many consecutive days, we tested from what distance the females directed their travels towards previously visited feeding trees and how previous feeding experiences and fruit tree properties influenced this distance. To exclude the influence of sensory cues, the females' approach distance was measured from their last significant change in travel direction until the moment they entered the tree's maximum detection field. We found that chimpanzees travelled longer distances to trees at which they had previously made food grunts and had rejected fewer fruits compared to other trees. In addition, the results suggest that the chimpanzees were able to anticipate the amount of fruit that they would find in the trees. Overall, our findings are consistent with the hypothesis that chimpanzees act upon a retrieved memory of their last feeding experiences long before they revisit feeding trees, which would indicate a daily use of long-term prospective memory. Further, the results are consistent with the possibility that positive emotional experiences help to trigger prospective memory retrieval in forest areas that are further away and have fewer cues associated with revisited feeding trees.
Introduction
Food acquisition is one of the main daily activities performed by wild animals to ensure their survival and reproduction (Schoener 1971; Pyke et al. 1977) . Efficient localization of food is expected to reduce direct and indirect competition (Cunningham and Janson 2007 ) and increase energy gain and fitness (Emlen 1966; Schoener 1971) . In tropical forest habitat, fruit production is ephemeral and irregularly distributed (Milton 1981; Van Schaik et al. 1993; Janmaat et al. 2006) . For instance, an individual tree can bear ripe fruits for an average of 0.8 months per year with individual fruits remaining edible for only three to six days (Milton 1981) . This ephemeral nature of ripe fruit in combination with low visibility associated with dense rainforests (Janmaat et al. 2013a;  Electronic supplementary material The online version of this article (doi:10.1007/s10071-014-0771-y) contains supplementary material, which is available to authorized users. Janson and DiBitetti 1997) complicates fruit-finding and places a premium on individuals that are able to use sophisticated spatial cognitive abilities to relocate fruit (Janson and Chapman 1999) . The difficulties in finding ripe fruit may be especially relevant for chimpanzees who base their diet essentially on ripe fruits (Wrangham et al. 1998 ; in the Taï forest 85 % of feeding time; Goné Bi 2007 ) that can only be eaten for a limited period of time (Milton 1981) but provide high amounts of digestible energy (Carlson et al. 2013 ) needed to maintain a large brain (Zuberbühler and Janmaat 2010) . Having accurate spatiotemporal knowledge on the location and value of ripe fruitbearing trees and travel distances between these trees is expected to decrease searching time (Janmaat and Chancellor 2010) , freeing up energy and time that can then be used to defend the territory or perform other social activities (Boesch and Boesch-Achermann 2000) . Hence, it is not surprising that frugivorous rainforest primates were shown to remember fruiting states of food trees and to distinguish between sites that did and did not have fruit in the immediate past (e.g., Janson 1998; Janmaat et al. 2006 ). In addition, primates appear to remember the amount of fruit they fed on (e.g., Garber 1988; Noser and Byrne 2007; Cunningham and Janson 2007) and to avoid low-quality food sources (Glander 1978) . These studies indicate that wild primates remember information about their food. However, little is known about the exact content of this memory and what attributes of the food are indeed remembered (Fagan et al. 2013) . Most studies to date use a limited set or single measures to estimate the value of a food source to the forager (e.g., individual feeding duration, the number of minutes that all group members were feeding, food quantity or food type ; Garber 1989; Janmaat et al. 2006; Noser and Byrne 2007; MartinOrdas et al. 2010; Sayers and Menzel 2012; Porter and Garber 2013) . Very few studies have measured the food source properties as well as the forager's feeding behaviour during feeding events and have investigated the importance of each in a comparative approach.
The aim of this study was to determine what information chimpanzees in the Taï National Park, Côte d'Ivoire, observe and store during feeding visits and how they integrate this information when they return to previous feeding trees, in addition to the location of those trees. By following five adult females for exceptionally long consecutive periods (maximum consecutive sequence of 44 days, total of 275 full days), we had the unique opportunity to know the exact feeding tree properties (e.g., crown size) as well as the chimpanzees' last feeding experiences (e.g., feeding duration) over continuous intervals of time. Estimating a feeding tree's value is notoriously difficult, as it requires a visually based estimation of the ripeness, taste and nutritional values of fruits that are being eaten (Chapman et al. 1992; Janmaat et al. 2006) . To circumvent this problem, we also recorded feeding behaviours to help us estimate the tree's value, such as the ratio of fruit that was rejected by the chimpanzees (Janmaat et al. 2006; Hiramatsu et al. 2009 ) or the production of food calls, as this was proposed to indicate edible fruit quantity (Hauser and Wrangham 1987) and desirability (Goodall 1986) . To gain insight in the nature of information that chimpanzees integrate when they return to feeding trees, we investigated their use of prospective memory-their ability to keep in mind a ''to be performed task'', i.e., the ongoing anticipation of approach and feeding at a tree that they had fed on earlier (Thorpe et al. 2004; Crystal 2013) . We investigated what type of information would influence the distance at which females would start anticipating feeding at fruit trees by measuring at what distances they changed their travel direction towards these trees. We predicted that the chimpanzee females would target their travel towards trees from further distances when the trees had (1) larger crown sizes, (2) a larger proportion of their crown covered in fruit at the moment of the previous departure, and when the females had (3) fed longer, (4) rejected fewer fruits, (5) higher intake rates and (6) made food grunts compared to other revisited trees.
The last prediction was based on an additional expectation that emotions associated with prior feeding events would affect memory retrieval (Hamann et al. 1999; Kano et al. 2008) . In fruit scarce periods, Taï chimpanzees feed on average in 7 trees each day (range 1-21; Janmaat et al. 2013b) . This means that when revisit intervals were long (mean = 2.5, max = 26 days), a chimpanzee potentially experienced up to 182 different feeding contexts since its last visit to a target tree. As the amount of information as well as the daily amount of social information (Boesch and Boesch-Achermann 2000) keeps increasing, the likelihood that two sources of retained information will interact or confound also increases (known as retroactive and proactive interference; Kane and Engle 2000; Fagan et al. 2013) . Foraging animals, therefore, are argued to profit from a mechanism that prioritizes information storage based on the importance of memory for food acquisition efficiency (Fagan et al. 2013) . Hence, we investigated whether emotional salience that is known to affect reactivation or retrieval of the chimpanzees' memory could be such a mechanism. Pleasant or aversive events are known to modulate memory retrieval, and both humans and chimpanzees have been shown to have a more accurate and accessible memory of events that are associated with strong emotions as opposed to more neutral events (Hamann et al. 1999; Kano et al. 2008) . Previous studies have investigated the role of emotional salience on memory tasks by combining feeding events with the presence or absence of a distressing ''waa'' call in chimpanzees (Rosati and Hare 2012). We chose a similar approach, yet instead of investigating the effect of a distressing call, we investigated the effect of calls proposed as being linked to positive emotion, namely the production of food grunts (Goodall 1986; Parr 2001) . Food grunts are graded call types (also called rough grunts; Marler and Tenaza 1977) that are flexibly produced (Schel et al. 2013; Fedurek and Slocombe 2013 ) during feeding events. They are thought to indicate food quantity, food preference (Slocombe and Zuberbühler 2006) as well as positive emotional excitement about feeding (Goodall 1986; Hauser 2000; Parr 2001; Sayers and Menzel 2012) . We expected that memories of feeding experiences that were associated with food grunts would be more salient and were therefore more likely to be reactivated outside the close surroundings of revisited trees, in forest areas that had fewer cues associated with the revisited trees, than memories of feeding experiences without food grunts. Hence, we predicted that chimpanzee females were especially more likely to target their travel towards trees from further distances when they had made food grunts at the previous visit compared to when they had not.
Methods

Study site and subjects
Data were collected from 16 April 2009 to 30 August 2011. We followed five adult habituated female chimpanzees for successive continuous periods ranging from 4 to 8 weeks totalling 275 full days. Their territory (south group; 26.5 km 2 ) was located in the Taï National Park (TNP), the largest remaining protected area of primary lowland rainforest in West Africa covering 5, 363 km 2 , and located in southwest Côte d'Ivoire (Boesch and Boesch-Achermann 2000; Boesch et al. 2008; N'Goran et al. 2012) . The TNP harbours an estimated amount of 1,300 tree species (Guillaumet 1967) . During our data collection, each of females had infants ageing from 0 to 7 and their community consisted of an average of 28 individuals including an average of four adult males and six adult females.
Data collection
Behavioural data
We followed each of five focal females from the point of waking until construction of an evening sleeping nest and noted their activity, including all feeding activities, using continuous focal sampling (Martin and Bateson 2007) . All plants on which the females fed on fruit were recorded with the GPS and were marked with brightly coloured spray paint. To estimate the focal animal's location at all times, we used the GPS's track log function (see Janmaat et al. (2013a) for accuracy measurements and data cleaning procedures). To decrease the chance of disease transmission from humans to chimpanzees, females were typically followed by one observer at a time and observers took care to remain at least 7 m away from the chimpanzees at all times (Boesch 2008) . We used GPS (global positioning system; Garmin 60CsX) and a voice recorder to record the duration and location of each activity. Two observers (K.J. and S.B.) followed a given female on alternate days. Interobserver reliability tests for the scoring of feeding duration (r s = 0.93, N = 96; see Janmaat et al. 2013a) , rejection ratio (r s = 0.92; N = 25) and food grunt presence (Kappa coefficient: k = 0.73; N = 43) revealed a good agreement between observers. To determine the females' feeding experience, we collected the following measures: Within the first 10 min after the focal female started feeding at a fruit tree, we recorded the rate with which she consumed fruits (intake rate) as well as a rejection ratio, which was equal to the number of fruits rejected divided by the total number that was picked (rejected or consumed; Janmaat et al. 2006; Hiramatsu et al. 2009 ). In addition, we recorded the duration for which the females foraged on the fruit for the entire feeding period (feeding duration). Lastly, we recorded whether a food grunt was emitted by the focal female during the feeding event (food grunt (yes/no); Goodall 1986; Slocombe and Zuberbühler 2006) . To control for the potential use of auditory cues, we furthermore recorded whether other animals (squirrels, birds or primates) were in the tree at the moment of arrival (other animals in tree (yes/no)).
Tree property data
Chimpanzees fed on fruit in trees, strangler figs and lianas. For matters of simplicity, we refer to these fruit-bearing plants as trees in the remaining of the manuscript. To measure the tree properties that were expected to represent the tree's value, trained assistants relocated each marked tree the day after each focal observation. Information on each visited tree was collected by (1) identifying the tree species, (2) estimating the crown size and (3) measuring the fruit production class. The crown size was estimated by tape-measuring (1) the Diameter at Breast Height (DBH) for trees, (2) crown radius in all wind cardinal directions for figs and (3) the circumferences of the roots that reached the forest floor for lianas (Leighton and Leighton 1982; McFarland Symington 1988) . See details on how crown size was estimated and turned into a standardized crown size and made comparable in the supplementary materials and also in Janmaat et al. (2013a) . Fruit production class was estimated by checking the tree crown from all wind directions using binoculars and ranked with classes of 0, 1-25, 26-50, 51-75 and 76-100 % of the crown being covered in fruit (Peres 1991; Goné Bi 2007; Chapman et al. 1992) . Kappa coefficients for agreement on tree species identity and fruit production class ranged between 1 and 0.99 (N = 81) and between 0.71 and 0.78 (N = 112), respectively; see Janmaat et al. (2013a) for further details. The visual and olfactory detection distance of the tree trunk and crown was estimated by tape-measuring the distance at which the trained assistants could last smell the fruit and see the trunk and crown when walking away from the tree trunk in the arrival direction of the chimpanzees (the track path of the chimpanzees was uploaded in the assistant's GPS the night before). Interpretation of these measurements was based on studies demonstrating that (1) visual acuity thresholds of humans are lower than non-human primates, meaning that humans can spot fruits from further distance since they typically possess larger eyes and hence larger retinal image size (Cavonius and Robbins 1973; Merigan and Katz 1990; Golla et al. 2004) , and (2) nonhuman and human primates fall within the same range of olfactory performance with regard to sensitivity to isoamyl acetate, the major component in a large variety of fruit odours (Laska and Freyer 1997; Laska et al. 1999 Laska et al. , 2000 Laska et al. , 2003 . As only 3 % of travel bouts occurred within trees (N travel bouts = 16,856), we measured detection distances only from ground level.
Data analyses
To gain insight into the content of the chimpanzees' memory of feeding events, we investigated from what distances the females directed their travels towards previous feeding trees to subsequently feed at them (a revisit; in sensu ). To minimize the possibility that sensory cues influenced their approach distance, we determined the distance from the last decision point to the moment the female entered the tree's maximum detection distance (in sensu Noser and Byrne 2007; Fig. 1) and defined this distance as the out-of-sight approach distance. We defined a decision point as being the last significant change in travel direction (change point) before the moment the female re-entered the tree's detection field (Fig. 1) . To determine change points, we used the ''change point test'', a statistical method that objectively determines directional changes in animal travel routes (Byrne et al. 2009 ). We used a significance criterion of 0.05, step interval = 5 min and q = 4, which has been argued to be best for chimpanzees in rainforest habitat (Byrne et al. 2009 ). The maximum detection distance was equal to the maximum of the visual and olfactory detection distances measured by trained assistants the following day (see suppl. materials for details on estimation of the maximum detection distances). To determine the locations at which the female's travel route (using the cleaned GPS data) crossed the tree's maximum detection distance and to calculate the distance between the decision point and the entry in the detection field, we used a combination of programs written by R. Mundry in R and did a manual check of these programs in ArcGis 9.2. Crucially, for the analysis, we only considered revisits for which we followed the target female without interruption since the previous visit. In this way, we had accurate knowledge of the values of the tree properties and feeding experiences at the last visits of the same tree. To estimate the potential influence of female's energy balance on the approach distance, we calculated their relative energy balance at the respective decision points using the methods in N'Guessan et al. (2009); see supplementary materials for details on calculations of relative cumulative energy balance at the decision point.
Statistical analyses
Modelling the effect of tree characteristics and feeding experiences on out-of-sight approach distance
To investigate the combined effect of feeding experience variables and tree properties measured at a previous feeding visit on the out-of-sight approach distances preceding revisits, we designed two general linear mixed models (GLMM) (Baayen 2008 ) fitted with Gaussian error function and identity link. We included predictor variables representing (1) feeding experience: feeding duration, rejection ratio, presence or absence of feeding grunts, and (2) tree properties: standardized crown size and previous fruit production class. Since intake rate and rejection ratio were correlated (r = 0.5), we excluded intake rate from the model to avoid collinearity issues. To control for the possibility that the females travelled further simply because they were hungrier, we also included the estimated cumulative energy balance measured at the decision point. To control for the possibility that the females were guided by the sounds of other animals at the feeding trees, we included whether other animals were present in the tree at the moment of revisit as a control predictor. To consider the possibility that our estimation of the tree's detection distance was underestimating the chimpanzee's sensory abilities, we also included whether the fruit had an obvious smell (yes or no; see details in the supplementary materials Table S2 ). A fruit was defined to have an obvious smell (odiferous) if fruits could be detected from 10 cm away from the human nose (Janmaat et al. 2013a ). We furthermore included the fruit production class at the moment of revisit (current fruit production class) to further control for visual and olfactory cues. Chimpanzees are known to use fruiting synchrony (Janmaat et al. 2013b ) and exhibit periods in which they feed on rare versus common or more spatially clustered fruit species. We therefore expected that approach distances would be somewhat clumped in time, with some time periods with on average larger approach distances compared to other periods with shorter approach distances. To control for this possibility, we included a temporal autocorrelation term in the model. So, to account for potential autocorrelation (i.e., temporal non-independence of the residuals from the model), we first ran the full model not accounting for autocorrelation and derived the residuals from it. In a subsequent step, we averaged, separately for each data point, the residuals of all other data points, whereby we weighted their contribution to the average by their distance to the respective data point of the same respective individual chimpanzee. We then included the resulting values as an ''autocorrelation term'' into the final model. The weighting function had the shape of a Gaussian distribution with a mean of zero and a standard deviation chosen such that the likelihood of the model with the autocorrelation term included was maximized.
To avoid pseudo-replication, we included the intercepts of the random-effects chimpanzee individual, tree species and tree individual. A recent study revealed that GLMMs that do not incorporate random slopes on top of random intercepts have a high chance of revealing type I errors, i.e., have a high probability of erroneously rejecting the null hypothesis (Barr et al. 2013) . Hence, we also included random slopes in the model. In order to do this, we could only include the data of two females that were observed for longer time periods. For these two females, we had sufficient observations per level of the random-effect chimpanzee individual to avoid problems with separation of random effect's and residual variance. For example, to account for the possibility that the effect of food call presence on out-of-sight approach distance is strong for one female but weak or absent for the other female, one needs at least two recordings of presence and two of absence of a food call per chimpanzee individual. To keep type I error rates as low as possible, we included all random slopes possible for all predictor and control variables within chimpanzee individual (Barr et al. 2013) . Since this procedure decreased our sample size from data on five females to data on only two, we also ran the model for all the data without random slopes. Since a decrease in sample size may increase type II errors, we decided to present and discuss the fit of both models.
Both models were fitted in R, version 3. 0.2 (R Core Development Team 2013) using the function ''lmer'' of the R-package ''lme4'' (Bates et al. 2012) . To create stable models, we transformed the predictors in such a way that they resembled a roughly symmetric distribution, prior to running the models. For this, we transformed feeding duration and cumulative energy balance by taking the fourth root. After this, we z-transformed all covariates to establish comparable estimates. To establish normally distributed residuals, we transformed the response variable out-of-sight approach distance to the square root. We checked for whether the assumptions of normally distributed and homogeneous residuals were fulfilled by visually inspecting theplots and the residuals plotted against RFT MDD is the distance at which a feeding tree can be detected (visually or olfactory) from the arrival direction of the chimpanzee female. Fig. 1 Schematic of measurements of out-of-sight approach distance travelled by the chimpanzee between the last significant change point and entry in the maximum detection distance of the previously visited feeding tree fitted values (both indicated no obvious deviations from these assumptions). We checked for model stability by excluding individual data points, chimpanzee individuals, species and tree individual, one by one, respectively. The results of these analyses indicated that the models were stable and no influential cases existed. Variance Inflation Factors (VIF, Field 2005) were derived using the function vif of the R-package car (Fox and Weisberg 2011) applied to a standard linear model excluding random effects and did not indicate collinearity to be an issue. To check the overall significance of the combined set of predictor variables, we ran likelihood ratio tests (Dobson 2002) to compare each full model with a respective null model containing only the random effects and control predictors. We only considered the effect of individual predictors if the initial full models reached significance (Forstmeier and Schielzeth 2011). Due to a recent discussion about the validity of p values of fixed effects in the framework of GLMMs, we provide p values derived by likelihood ratio test (Barr et al. 2013) . To investigate the caloric differences between odiferous and non-odiferous fruit, we used the Welch's t test conducted on ranked data. These analyses were implemented in R using the packages ''exactRankTests'' (Hothorn and Hornik 2012) .
Results
To investigate the nature of information that chimpanzees take into account when they revisit feeding trees, we designed a general linear mixed model (GLMM), which allowed us to estimate the combined effect of tree properties and feeding experience parameters on the distance that each female travelled between the last change point and the entry of the revisited tree's maximum detection field. This out-of-sight approach distance was on average 537.5 m (SD = 499 m; range 6.50-2,842 m) with a mean duration of 80 min (SD = 81 min; range 2-407 min; N approach distance = 180; 27 trees species, N trees = 129 fruit trees). The full model was significantly compared to the null model in which the five main predictors were excluded (GLMM: likelihood ratio test: v 2 = 14.409, df = 5, p = 0.0132, Table 1 ). The females travelled farther distances towards trees at which they had given food grunts during the previous visit, after controlling for the potential use of sensory cues provided by the current fruiting state and the female's relative energy balance (Table 1 ; Fig. 2) . We also found a trend towards longer approach distance for trees at which females had rejected fewer fruits (Table 1 ; Fig. 2) . Surprisingly, standardized estimated crown size and feeding duration did not influence approach distance. The control variables energy balance and the presence of other foragers in the tree did not influence approach distance either (Table 1) . Our control variable for the potential use of visual and olfactory cues, the current fruit production class, had a significant positive impact on approach distance which suggests that the females either used visual cues from farther away than the estimated maximum detection distance or that they had anticipated the amount of fruit that they would find in the revisited trees (Fig. 3) . Our other control for olfactory cues, whether or not the fruit had an obvious smell, had a negative effect on the approach distance (mean distance non-odiferous = 775.6 m, mean distance odiferous = 469.5 m), which makes it unlikely that longer approach distances were triggered by smell; otherwise, the effect would have been in opposite (Table 1) . Additionally, this negative effect could not be explained by the possibility that non-odiferous fruits had a higher value to the chimpanzees since these fruits typically had a lower caloric value (kJ) than odiferous fruit (Welsch t test: t = -3.7561, df = 17.909, p = 0.0015; mean odiferous fruit = 139.55 kJ; mean non-odiferous fruit = 21.28 kJ). Initially, the previous fruit production class had a puzzling negative effect on approach distance (Table 1; see Fig. S2 in suppl. materials) . To investigate this in more detail, we ran a second model that included all the random slopes for the random-effects chimpanzee individual. For this model, we could only include data from the two females that we had observed for longer periods (see methods for justification). The full model was again significant compared to the null model (likelihood ratio test: v 2 = 11.149, df = 5, p = 0.04851). The effect of previous fruit production class, however, disappeared completely. The effect of food grunt presence and fruit rejection ratio on approach distance remained a trend (Table 1) . We therefore consider food grunt presence and fruit rejection ratio to be important factors influencing the out-of-sight approach distance of our focal chimpanzees (Fig. 2) . The effects of standardized crown size and feeding duration and the control variables remained the same as in the first model except for the effect of the current fruit production class and whether or not the fruits had an obvious smell, which kept the same direction but changed into a trend (Table 1 ). The temporal autocorrelation had a strong significant effect in both models (Table 1) . We argue it to be unlikely that the increase in p value for the effect of previous fruit production class on approach distance, in the second model, resulted from a decrease in sample size. The increase in p value was relatively large (from 0.02 in the first model to 0.2 in the second) compared to the increase in p values for the other predictors which all remained very close to 0.05 after adding in the effects of random slopes and even decreased for some (fruit rejection ratio; Table 1 ). We, therefore, conclude that the previous fruit production class did not affect the approach distance and that the significant negative effect of previous fruiting state in the first model was unreliable ( Fig. S2 ; Table 1 ) and resulted from not considering the random slopes, i.e., the possibility that the slopes of the effect of the previous fruit production class on approach distance differed between females.
Discussion
To investigate the nature of information that foragers remember about their food resources in the natural habitat, Fig. 2 Taï female chimpanzees revisited trees from farther away when they had given food grunts and had lower fruit rejection ratios on previous visits to the same tree. Y-values, shown on a square root scale, represent out-of-sight approach distances between last change point and their entry within the maximum detection field (Fig. 1) . The X-values represent the proportion of fruits that were rejected at the revisited feeding tree during the previous visit. Circles represent observed distances depending on whether chimpanzee made a food grunt (filled) or not (empty). The two lines represent the out-of-sight approach distances predicted by the model when the chimpanzees emitted a food grunt (straight line) or not (dashed line)
we examined from what distance adult chimpanzee females changed travel direction towards previous feeding trees. To exclude the possible use of visual and olfactory cues as an alternative explanation for their directional changes, we measured the distance from the last significant change point (Byrne et al. 2009 ) until the moment they entered the tree's detection field measured at ground level. We found that these out-of-sight approach distances were longer for trees at which they had made food grunts and had rejected a lower proportion of fruits compared to other previously visited feeding trees, even after we controlled for their relative energy balance and sounds from other foragers feeding in the revisited trees or sensory cues emitted from the tree that could potentially be detected from within tree crowns outside the estimated detection distance. These results are best explained by the possibility that the females remembered feeding experiences that occurred on average 3 days ago and used this information to direct their travels.
The out-of-sight approach distance was not affected by the previous feeding duration. This may appear surprising as earlier studies did show a clear effect of feeding duration on primates' approach behaviour towards fruit trees (Garber 1988; Janmaat et al. 2006; ). However, in contrast to our study, all these studies examined feeding duration after arrival instead of prior to arrival (measured during previous visits). It is possible that in these earlier studies, feeding duration did not reflect the value of the tree but simply the hunger levels of the approaching primates. Feeding durations could have simply been long after the primates had travelled for longer distances or at faster speed because they were hungrier at arrival or during approach, respectively (Janmaat et al. 2006) . Furthermore, we found that the out-of-sight approach distance was not significantly affected by the tree properties measured at the previous visit, such as the standardized crown size and previous fruit production class. It is possible that the variation in the standardized crown size of feeding trees was simply not large enough to be worth remembering (Janmaat et al. 2013a) . The lack of a reliable effect of the previous fruit production class ( Fig. S2 ; Table 1 ), and clear disappearance of its impact on the approach distance after including random slopes in the model, however, requires a more elaborate explanation. Previous studies on the same chimpanzee females did show a clear positive effect of the maximum of previous fruit production classes of feeding trees on re-inspection probability of the same trees the year after (Janmaat et al. (Fig. 1) . X-values represent the current fruit production classes of the revisited trees. Class zero means that the trees were depleted during the revisit. The circles represent the out-of-sight approach distances for the respective fruit classes. The oblique line represents the out-of-sight approach distance predicted by the model. Bars in straight and dash lines represent respectively the median and mean values of the out-of-sight approach distances, and upper and lower boundaries of boxes represent the upper and lower quartiles 2013a). This difference could be explained by the possibility that the maximum productivity of individual trees is perhaps more relevant or reliable during fruit tree monitoring (where the risk of finding an empty tree is higher) than the intermediate and potentially changing production classes within fruiting seasons. Our results did indicate that the current fruit production class tends to affect the out-ofsight approach distance. This effect could have resulted from feeding events that took place inside a tree crown (as 33 % of the last change points coincided with arboreal feeding), from which the females could have ephemerally spotted the amount of fruit in the ''to be revisited'' tree. However, since the last change points were on average 537.5 meters from detection field of the revisited tree, it is more likely that the females were able to anticipate a change in fruit production class resulting from knowledge on the maturation or depletion rates of fruit, as was suggested to occur in other primate species (Janmaat et al. 2006) . Whether chimpanzees can anticipate these changes is a topic for future study but results from captive studies do suggest that chimpanzees can indeed anticipate that particular food types disappear more quickly than others and know how long ago food was still edible (melting ice lollies vs. grapes; Martin-Ordas et al. 2010) .
The contradicting effect of previous and current fruit production class could indicate that the females took into account that fruit amounts change over time. On the other hand, it could also imply that the proportion of fruit in the tree was an unreliable measure to estimate the value of the revisited trees. The latter explanation is important with regard to future studies on memory use and socio-ecology in the wild as it stresses the need for a careful approach when attempting to estimate the value of a food source. Although it is good to collect quality measurements of food that are independent from the forager's behaviour, such measurements are difficult to acquire. Simply counting or estimating the number of fruits in a tree may not be appropriate. Many fruit species do not change colour during maturation and need elasticity measurements to assess ripeness/sweetness (Janmaat et al. 2006) , which is practically impossible to conduct for rainforest trees that can be up to 40 m high and contain more than a thousand fruits. Analysing the nutritional content of fallen fruit or feeding remains may not necessarily improve qualification either. For example, the nutritional value of fruits within a tree but also between trees of the same species can vary tremendously (Worman and Chapman 2005; Houle et al. 2007 ). In some cases, the variation in the nutritional values among tree sites can be greater than the differences among tree species (Chapman et al. 2003) . This knowledge should be considered in future studies that try to estimate the value of feeding trees. Our findings indicate that measures that use the animal's behaviour to estimate the value of food, such as fruit rejection ratios, should be incorporated in such studies.
A large part of the variation in the out-of-sight approach distance was influenced by the temporal autocorrelation term that was incorporated in our models to avoid a violation of the assumption of independence of residuals. This means that out-of-sight approach distances were somewhat clumped in time with some time periods with on average larger approach distances compared to other periods with shorter approach distances. We propose this reflects time periods during which individuals fed more frequently on scarcer or widely distributed fruit-bearing species, which would require longer approach distances, or time periods during which they fed on trees that were more abundant or clustered in space (Janmaat et al. 2013b) .
Since none of the pairs of feeding trees and corresponding change points were the same during our observation period, our results are difficult to explain by the learning of specific time and place associations (Shettleworth 2010). We instead propose two distinct cognitive mechanisms as potential explanations of our findings that out-of-sight approach distances were longer for high-valued compared to low-valued trees. The first explanation is that the females knew their egocentric distance to the previously visited trees and optimized their foraging efficiency by only travelling long distances to sufficiently rewarding trees. Hence, they planned to travel further distances to reach high-valued trees and only aimed to travel to low-valued trees when they were nearby. This would be consistent with observations of planning behaviour in other wild primates like baboons (Papio ursinus) that bypass nearby food sources (that they feed on later in time) to reach out-of-sight resources (Noser and Byrne 2007) and in chimpanzees in other contexts (Mulcahy and Call 2006 ). An alternative and perhaps more parsimonious explanation, however, is that a memory of a high-valued tree is more salient and thus more easily retrieved outside the familiar area of a revisited feeding tree, which could cause changes in travel direction to occur more frequently from further distances than those of less-valued trees. In either case, our findings are best explained by the possibility that chimpanzees acted upon a retrieved memory of their last feeding experiences as if they were using memory in an anticipatory manner. The use of such a prospective memory has been observed in a variety of animals, such as rats, pigeons (Cook et al. 1985; Zentall et al. 1990; Thorpe et al. 2004 ) and hummingbirds (Gill 1988) . Most remembered tasks that were ''to be performed,'' however, occurred on rather short time scales such as 10 s to 15 min (Cook et al. 1985; Thorpe et al. 2004 ). In our study, the change of travel direction potentially caused by the memory retrieval occurred on average 80 min before the ''to be performed act'' of feeding, which would indicate a daily use of an exceptionally long-term prospective memory.
Chimpanzee females can feed on up to 21 trees per day (Janmaat et al. 2013b ). Here, we show that trees can be revisited up to 26 days or more apart, making the potential amount of stored information on feeding visits substantial. Hence, it is worthwhile to discuss what could have triggered the retrieval of the previous feeding experiences that made the females change travel direction to revisit trees from far away. The puzzling finding that odiferous fruits that are of higher quality were approached from shorter distances than non-odiferous fruit could indicate that a gust of their smell (outside the olfactory detection distance), which is more likely to be encountered at close distance from a fruit tree, could have worked as a familiar cue that triggered the females' memory and prompted them to approach from shorter distances than non-odiferous fruits (note that the minimum out-of-sight approach distance for odiferous fruit was only 7 m). A high frequency of such occurrences could have decreased the average approach distance for trees that carried odiferous fruit. Similarly, fleeting distant visual cues could also have prompted memory retrieval. A fair percentage of the change points (33 %) occurred when the females were feeding in the crown of other feeding trees. Hence, a fleeting distant silhouette of the tree could have potentially prompted memory retrieval as well. Familiar olfactory or visual cues could thus have served as an event-based trigger, in a similar way that the smell of garlic can remind us humans that an Italian restaurant is nearby (Crystal 2013) . The majority of change points, however, occurred on the ground and at a substantial distance (mean = 538 m) from the revisited trees. Knowing that Taï chimpanzees tend to not use the same paths and typically re-approach trees from variable directions Porter et al. submitted) , it is likely that many memory retrievals also occurred spontaneously without being triggered by familiar cues that are associated with the feeding tree or on routes towards them. The positive effect of the production of food grunts at previous feeding events on subsequent approach distances suggests that positive emotional experiences can help to trigger such spontaneous prospective memory retrievals when chimpanzees are further away from and have fewer familiar cues associated with respective feeding trees. We encourage cognitive scientists to find ways to further investigate the use of event-based and spontaneous retrieval in prospective memory and the role of emotional salience on memory retrieval in wild animals (Crystal 2013) .
